We present a photometric catalogue of compact groups of galaxies (p2MCGs) automatically extracted from the 2MASS extended source catalogue. A total of 262 p2MCGs are identified, following the criteria defined by Hickson (1982) , of which 230 survive visual inspection (given occasional galaxy fragmentation and blends in the 2MASS parent catalogue). Only one quarter of these 230 groups were previously known compact groups (CGs). Among the 144 p2MCGs that have all their galaxies with known redshifts, 85 (59%) have 4 or more accordant galaxies. This v2MCG sample of velocityfiltered p2MCGs constitutes the largest sample of CGs (with N 4) catalogued to date, with both well-defined selection criteria and velocity filtering, and is the first CG sample selected by stellar mass. It is fairly complete up to K group ∼ 9 and radial velocity of ∼ 6000 km s −1 . We compared the properties of the 78 v2MCGs with median velocities greater than 3000 km s −1 with the properties of other CG samples, as well as those (mvCGs) extracted from the semi-analytical model (SAM) of Guo et al. (2011) run on the highresolution Millennium-II simulation. This mvCG sample is similar (i.e. with 2/3 of physically dense CGs) to those we had previously extracted on three other SAMs run on the Millennium simulation with 125 times worse spatial and mass resolutions. The space density of v2MCGs within 6000 km s −1 is 8.0 × 10 −5 h 3 Mpc −3 , i.e. 4 times that of the Hickson sample (HCG) up to the same distance and with the same criteria used in this work, but still 40% less than that of mvCGs.
known at present. The compactness of these groups is so high that the typical projected separations between galaxies are of the order of their own diameters (Hickson et al. 1992; Focardi & Kelm 2002) , hence their space densities can exceed those of the cores of rich clusters. The combination of their very high number densities and low velocity dispersion makes CGs the ideal site of galaxy mergers (Mamon 1992 , see also Carnevali et al. 1981; Barnes 1985; Mamon 1987a; Bode et al. 1993) .
Since the discovery of Stephan's Quintet (Stephan 1877 ) and Seyfert's Sextet (Seyfert 1948) , several surveys of CGs have been undertaken: Rose (1977) and Hickson (1982) performed visual identifications of CGs on the POSS I photographic plates. Thereafter, the new catalogues of CGs used automatic searches: from the COS-MOS/UKST Southern Galaxy Catalogue (Prandoni et al. 1994; Iovino 2002) , the DPOSS catalogue (Iovino et al. 2003; de Carvalho et al. 2005) , and the Sloan Digital Sky Survey (SDSS) photometric catalogue DR1 (Lee et al. 2004 ) and DR6 (McConnachie et al. 2009 ). All of the above studies used only 2-dimensional information of the galaxies (i.e., angular positions). Other CG catalogues were obtained by searches in redshift space, e.g.: Barton et al. (1996) from the the CfA2 catalogue, Allam & Tucker (2000) from the Las Campanas Redshift Survey, Focardi & Kelm (2002) from the UZC Galaxy Catalogue, and Deng et al. (2008) from the SDSS-DR6 spectroscopic catalogue.
Since the nearly full spectroscopic followup by Hickson et al. (1992) of the original Hickson Compact Groups (Hickson 1982, hereafter, HCGs) , the velocityfiltered sample of 92 HCGs with at least 3 accordantredshift members and 69 with at least 4 has been, by far, the most studied to date (e.g. Hickson et al. 1989 for optical photometry; Mendes de Oliveira & Hickson 1991 for galaxy morphologies; Moles et al. 1994 , de la Rosa et al. 2007 and Tzanavaris et al. 2010 for star formation rates; Coziol et al. 1998 for nuclear activity; de la Rosa et al. 2001 and Torres-Flores et al. 2010 for galaxy scaling relations; Verdes-Montenegro et al. 2001 and Borthakur et al. 2010 for neutral gas content; Ponman et al. 1996 for hot gas content, etc.).
However, the visual inspection performed by Hickson (1982) led to a sample of CGs that is not reproducible, incomplete and not homogeneous (Hickson et al. 1989; Walke & Mamon 1989; Prandoni et al. 1994; Sulentic 1997; Díaz-Giménez & Mamon 2010) . In particular, using the z = 0 outputs of semi-analytical models of galaxy formation run on the Millennium cosmological dark matter simulation (Springel et al. 2005) , Díaz-Giménez & Mamon (2010) have shown that the HCG sample is typically less than 10% complete at the median distance of the sample.
The properties of CGs and their member galaxies must be studied using complete and well-defined observed samples. To achieve this goal, we present a new sample of automatically selected CGs extracted from the largest solid angle catalogue at present, the 2 Micron All Sky Survey. Using 2MASS has two strong advantages: 1) it provides us with a full-sky survey and 2) the K-band photometry is only weakly sensitive to both galactic extinction, internal extinction and recent star formation, and is thus a very good tracer of the stellar mass content of galaxies. For these reasons, it is ideal to build a CG sample from a wide K-band galaxy survey such as 2MASS (which has the additional benefit of being all-sky) with (nearly) full redshift information available from other sources (Mamon 1994) .
The layout of this paper is as follows. In Sect. 2, we describe the parent catalogue. In Sect. 3, we present the CG catalogue. We perform a cross-identification between the 2MASS-CGs and other samples of groups in Sect. 4. In Sect. 5, we present a sample of CG after applying a velocity filtering, while we present some general properties of the samples in Sect. 6, and summarise and discuss our results in Sect. 7.
Throughout this paper we use a Hubble constant H0 = 100 h km s −1 Mpc −1 , and for all cosmology-dependent calculations, we assume a flat cosmological model with a nonvanishing cosmological constant: Ωm = 0.25 and ΩΛ = 0.75.
THE PARENT CATALOGUE: 2MASS XSC
The 2 Micron All Sky Survey (2MASS) (Skrutskie et al. 2006 ) has uniformly scanned the entire sky in three nearinfrared bands to detect and characterise point sources brighter than about 1 mJy in each band, with S/N greater than 10. 2MASS used two highly-automated 1.3-m telescopes, one at Mt. Hopkins, AZ, and one at CTIO, Chile. Each telescope was equipped with a three-channel camera, each channel consisting of a NICMOS3 256×256 HgCdTe array, capable of imaging a 8 ′ .5 × 8 ′ .5 field at a pixel scale of 2 ′′ per pixel in the J (1.25 microns), H (1.65 microns), and Ks (2.17 microns) bands.
Our data set was selected from the publicly available full-sky extended source catalogue (XSC; Jarrett et al. 2000) 1 , which contains over 1.6 million extended objects brighter than Ks = 14.3. We adopted the "K20 isophotal fiducial elliptical aperture magnitudes" and selected galaxies not flagged as artifacts (cc flg != 'a') nor close to large galaxies -thus avoiding spurious fragments in the envelopes of large galaxies (cc flg != 'z'). There is a strong correlation between dust extinction and stellar density, which increases exponentially towards the Galactic Plane. Stellar density is a contaminant factor of the XSC since the reliability of separating stars from extended sources is very sensitive to this quantity (Jarrett et al. 2000) . In order to avoid contamination from stars, we have constructed a mask for the 2MASS survey using the HEALPix (Górski et al. 2005) map with N side = 256 and excluding those pixels where the Ks-band extinction A(Ks) = 0.367 E(B-V ) > 0.05 and |b| < 20, which reduces galactic contaminant sources to 2% (Maller et al. 2005) . This filtering on galactic extinction reduced the solid angle from 27 334 deg 2 to 23 844 deg 2 . The raw magnitudes were corrected for galactic extinction using the reddening map of Schlegel et al. (1998) . We also followed Maller et al. and imposed a cut at K 2MASS lim = 13.57 in the corrected magnitudes. The sky distribution of these galaxies is shown as the grey points in Fig. 1 . These restrictions produced a sample of 408 618 extended sources which constitute our parent catalogue. 
THE 2MASS CG CATALOGUE
We identify CGs in projection (p2MCGs) by using an automated searching algorithm very similar to that defined by Hickson (1982) which is fully described in Díaz-Giménez & Mamon (2010) . Briefly, this algorithm identifies as p2MCGs those systems that satisfy the following criteria:
• 4 N 10 (population) • µK 23.6 mag arcsec −2 (compactness)
− 3 = 10.57 (flux limit) where N is the total number of galaxies whose K-band magnitude satisfies K < K brightest + 3, and K brightest is the apparent magnitude of the brightest galaxy of the group; µK is the mean K-band surface brightness, averaged over the smallest circle circumscribing the galaxy centres; θG is the angular diameter of the smallest circumscribed circle, and θN is the angular diameter of the largest concentric circle that contains no other galaxies within the considered magnitude range or brighter. Our compactness criterion is set to match that of the HCG, using a mean colour transformation of K = R − 2.4 (see appendix A).
In order to speed up this computationally extensive algorithm, we used the subroutines of the HEALPix 2 package to find neighbours within 5 degrees around each galaxy, and the STRIPACK 3 subroutines to compute the centres and radii of the minimum enclosing circles (hereafter CG centres and CG radii, respectively).
2 http://healpix.jpl.nasa.gov 3 http://people.sc.fsu.edu/burkardt/f src/stripack/stripack.html Using this algorithm, we found 262 p2MCGs in the 2MASS XSC, containing 1158 galaxies. We note, as a curiosity, that 3 ± 0.5% (binomial errors) of our compact groups with N > 4 contain a compact quartet core that also meets all the CG criteria. These are, in fact, CGs within CGs. Note that this percentage is significantly lower than the (6−13)% predicted by Díaz-Giménez & Mamon (2010) from the semi-analytical models (with binomial uncertainty less than 0.5%). Following Díaz-Giménez & Mamon, we always choose the larger CG.
Using the Aladin interactive sky atlas 4 (Bonnarel et al. 2000) and the Interactive 2MASS image server 5 , we performed a visual inspection of all of these p2MCGs. We found that there were 26 galaxy misidentifications in the 2MASS XSC: fragments of larger galaxies (often HII regions) or blends of two galaxies. In other words, since 26 galaxies are misidentifications over a total of 1158, then, for our purposes, the 2MASS XSC turned out to be 97.8±0.4% reliable. Figure 2 shows a few examples of these misidentifications. In Table 1 , we list the 26 objects that belonging to CGs were incorrectly classified as galaxies by 2MASS, and also are quoted the names of their host galaxies. We discarded those CGs of 4 members that hosted one of these galaxies. If a misidentified galaxy belonged to a CG with more than 4 members, then only this galaxy is discarded, and all properties of the CG are recomputed and all the criteria are checked again. In total, 20 groups were discarded because of incorrect 2MASS galaxy identifications. Table 1 ). Circles show the position of these objects in the 2MASS XSC. From top to bottom: 2MASXJ08453453+7259512, 2MASXJ06430003-7415042, 2MASXJ22355791+3357562. In all but the last image, the large galaxy close to the circles also belongs to 2MASS XSC.
Moreover, 2MASS fails to identify some large galaxies that are close to another large galaxy belonging to a CG. For instance, galaxy NGC 7578A does not appear in the 2MASS XSC, while its pair-neighbour, NGC 7578B, does. The same happened with the following 12 galaxies: NGC0414-NED02, IC0590-NED02, NGC 3750, NGC 4783, NGC 5354, NGC 4796, IC 1165 NED02, ESO 284-IG 041 NED02, ESO596-49, LCRSB210329.4-450104 , NGC 7318A, NGC 7318B. These 13 missing galaxies among 1158 detected ones make the 2MASS XSC 99% complete for our purposes. Given the lack of K-band magnitudes for these galaxies, we omitted from our sample the 12 CGs containing these 13 galaxies. As a result, we identify 230 p2MCGs in the 2MASS catalogue. In Fig. 1 we show the sky coverage of these groups (empty squares). Figure 3 shows images of a few examples of p2MCGs that lie in the SDSS area. Some of the observable properties of the p2MCGs are shown in Fig. 4 and their median values are shown in the second column of Table 4. A list of acronyms used to refer different samples to be defined throughout this work is provided in Table 2 .
CROSS-IDENTIFICATION
We compared our sample of CGs to the original HCG sample. We looked for the K-band magnitudes of all the original members of the HCG sample in the 2MASS catalogue. There are 42 HCGs that lie within the studied area (HCG 33 and 34 lie within 20
• of the Galactic Plane) and whose brightest galaxy K-band magnitude is brighter than 10.57 (fourth criterion). However, only 20 HCGs have been identified with the p2MCGs in the 2MASS sample, and they are: HCG 4, 7, 10, 15, 16, 21, 22, 23, 25, 40, 42, 51, 58, 86, 87, 88, 93, 97, 99, 100 . While 10 of these 20 CGs have the exact same member galaxies, the remaining 10 have galaxies in common but Figure 3 . A few examples of p2MCGs that lie within the SDSS area, none of them are already known groups. There are 2 frames per p2MCG: the left frames show concentric circles which correspond to 1 θ G and 3 θ G (see text). The right frames are zoomed images which show the regions within θ G , for each group. According to the notation in Table C1 are not exactly the same: some groups have more galaxies unidentified by Hickson while others have fewer.
We therefore analysed the reasons why we failed to identify the 22 remaining HCGs among the 42. First, in HCG 68, HCG 92 (Stephan's quintet) and HCG 94, the 2MASS XSC photometric pipeline blends a pair of galaxies into a single galaxy or only identifies one galaxy of a pair. This then falls into the category of groups discarded due to problematic galaxy identification described in the previous section (in this case, galaxy NGC 5354 for HCG 68, galaxies NGC 7318A and NGC 7318B for Stephan's quintet, and NGC 7578A for HCG 94). Second, among the 19 remaining unidentified HCGs in our sample, 10 (HCG 5, 56, 57, 61, 65, 74, 90, 91, 96, 98) have less than 4 members within our adopted 2MASS limit of K = 13.57, i.e, some of their members do not belong to our parent sample. Moreover, HCG 57 also fails the HCG isolation criterion in the R band (Sulentic 1997) , while HCG 74 and 96 fail the membership criterion in the R band. Finally, 9 of the HCGs (HCG 11, 19, 30, 41, 44, 48, 53, 62, 67) fail to meet the K-band membership criterion, i.e., have fewer than 4 galaxies with K − K brightest < 3, one of which (HCG 30) also fails to meet this criterion in the R band.
The visual inspection performed using Aladin images has also provided information about other crossidentifications. Only 25% of our p2MCGs have already been completely or partially identified by other authors.
VELOCITY-FILTERED COMPACT GROUPS

Velocity filtering
We searched in the literature for available redshifts for all galaxies in the p2MCG sample, in order to have a sample of concordant groups. First, we correlated the galaxies in the 2MASS extended source catalogue with galaxies in the 2MASS Redshift catalogue (2MRS, Huchra et al. 2012) . We have found 561 of our galaxies in p2MCGs in the main catalogue of those authors. Also, another 280 were present in the "extra" catalogue presented by the authors. Then, we looked for the remaining galaxies in the 2M++ redshift compilation (Lavaux & Hudson 2011) . We found 9 of the remaining p2MCG galaxies in this catalogue. We also looked for available redshifts in the NED for those galaxies in the p2MCGs that do not belong to the 2MRS nor to 2M++. We have found another 19 redshifts of galaxies in p2MCGs. All in all, we find that 869 out of 1020 galaxies (85%) already have measurements of their redshifts available.
A total of 144 (62%) of the p2MCGs have all their members with available redshifts, and we hereafter refer to these as pz2MCGs. In 20% of the p2MCGs there is one galaxy without available redshift, while in 10% (8%) of the p2MCGs there are two (three or more) galaxies without redshifts. Fig. 4 shows that the distributions of observable properties of the 144 pz2MCGs are very similar to those for the full sample of p2MCGs. Therefore, our subsample of pz2MCGs does not appear biased relative to the full sample of p2MCGs.
Using these 144 pz2MCGs, we built a sample of velocityfiltered CGs (v2MCGs) by following an iterative procedure (see Hickson et al. 1992 and Díaz-Giménez & Mamon 2010) . Briefly, after computing the median velocity of the group, we discard the galaxy whose velocity is furthest and at least ∆v = 1000 km s −1 from the median. We recompute the velocity median of the remaining galaxies and iterate until all, and at least 4, galaxies lie within ∆v from the new median. We then check that the brightest remaining galaxy is brighter than 10.57, and that µK 23.6 mag arcsec −2 . If not, we discard the group.
Our procedure led us to 85 v2MCGs that survive the velocity filtering, and are thus less likely to be contaminated by galaxies in chance projections. The angular distribution of these groups is shown in Fig. 1 (filled circles) . Figure 5 shows the properties (see Sect. 5.3 below) of the v2MCGs (solid black histograms). One sees that the sample of v2MCGs appears to be complete up to Kgroup ≃ 9, close (Table 5) ; thin blue dotted histograms: vHCG are the velocity-filtered HCGs restricted to the limits used in this work and converted to the K-band (sample Hick92/2, Table 5 ). Error bars correspond to Poisson errors.
to the theoretical limits for quartets (10.57−2.5 log 4 = 9.06) and the rarer quintets (10.57−2.5 log 5 = 8.82). The v2MCG sample also appears to be fairly complete 6 to radial velocity of ∼ 6000 km s −1 . Fig. 4 displays a comparison between the sample of projected and filtered CGs. One sees that groups with higher multiplicity, or very large angular size are more prone to be chance alignments along the line of sight.
The group velocity dispersions, σv, are computed using the gapper algorithm following Beers et al. (1990) , who found it to be more efficient than standard estimators of dispersion for small samples.
7 Our values of σv are corrected (in quadrature) for the velocity errors.
The extinction corrections in Table C1 refer to the galactic extinction, deduced from Schlegel et al. (1998) . We did not correct for internal extinction, because the corrections are usually negligible, except for edge-on spirals where 6 Of course, a flux-limited catalogue is never complete in terms of volume, since galaxies are sampled with increasing minimum luminosity as one goes out to increasing distances, hence the space density of galaxies always decreases (if it were not for fluctuations from the large-scale structure). 7 One of us (G.A.M., unpublished) also found the gapper estimate of dispersion to be much less biased for small samples than are other measures.
it is probably of order of 0.2 mag. Moreover, we expect that internal extinction increases not only with the inclination of the disk, but also with disk luminosity (with increasing column density of dust at increasing luminosity for given dust/stars ratio) and metallicity (which controls the dust/stars ratio), as well as on the bulge/disk ratio. Since we lack bulge/disk decomposition for our galaxies, we could have used the internal extinction formulae for 2MASS wavebands of Masters et al. (2003) , given as a function of inclination and luminosity. However, their modulation of internal extinction by the luminosity saturates at luminosities of about 0.2 L * , whereas it should keep rising because, at increasing luminosity, the column density should increase and the metallicity, hence dust/stars ratio, should also increase. We thus prefer to leave the internal extinction to further analysis.
The physical radii and luminosities assume distances obtained from the redshifts, i.e. we neglect the peculiar velocities of the galaxies relative to the Sun. We could have included a Virgocentric infall model to correct for the peculiar velocity of the Local Group (as given in HyperLEDA 8 , see Terry et al. 2002) , but this would not have included the peculiar motions of v2MCG galaxies. The attractor model of Mould et al. (2000) does include the peculiar motions of both the Local Group and the other galaxies, but it misses all the repelling voids. The peculiar velocity flow model of Lavaux et al. (2010) does include the full matter distribution and not just the attractors. But it was built from redshift data and lacks accuracy at distances less than 30 h −1 Mpc because it is not calibrated with available quality distance estimators (Cepheids or surface brightness fluctuations). Since none of the models available satisfied our expectations taking into account all the main velocity components, we decided not to correct for peculiar motions, and we leave this open to further analysis. For peculiar velocities of 300 km s −1 , the effects of peculiar motions on distances are less than 10% for galaxies with c z > 3000 km s −1 (leading to physical size and luminosity errors less than 10% and 20% respectively). For the presentation and analysis of statistical v2MCG properties, we thus restrict our sample to the 78 v2MCGs for which the median group velocity is greater than 3000 km s −1 . We compute the absolute magnitudes of the individual galaxies, assuming that their luminosity distances are all based upon the median group redshift. The cosmology adopted for computing the luminosity distances is the standard cosmology also used in the MS (Ωm = 0.25, ΩΛ = 0.75). Note that the luminosities are not only corrected for galactic extinction, but are also k-corrected. For computing the k-corrections, we have used the polynomial expressions in terms of redshift and colour H-K given by Chilingarian et al. (2010) . The results of the present work depend very little on the details of the k-corrections, since the galaxy samples studied here are from shallow fluxlimited surveys, hence limited to low redshifts.
Our dimensionless crossing times are obtained with
where dij is the median of the inter-galaxy projected separations in h −1 Mpc. Our mass-to-light ratios are obtained from an application of the virial theorem:
where R h = 1/dij −1 is the harmonic mean projected separation, given the projected separations dij (see eq. [10-23] of Binney & Tremaine 1987) .
The distributions of the main properties of the v2MCGs are shown as solid black histograms in Fig. 5 .
Mock velocity-filtered compact groups
It is instructive to compare the distribution of the properties of v2MCGs with the mock, velocity-filtered compact groups (mvCGs) selected on mock galaxy catalogues with the exact same criteria as those described at the top of Sect. 3. We have done this following the prescriptions of Díaz-Giménez & Mamon (2010), who had analysed the z = 0 outputs of three different semi-analytical models (SAMs) of galaxy formation (B06, Bower et al. 2006; C06, Croton et al. 2006; and DLB07, De Lucia & Blaizot 2007) .
However, since this work, a new SAM has been developed by Guo et al. (2011) (hereafter G11) that reproduces much better, among other things, the z = 0 stellar mass function of galaxies. Moreover, Guo et al. have run their SAM not only on the Millennium dark matter simulation, but also on the Millennium-II simulation (MS-II, see Boylan-Kolchin et al. 2009 ), which has 5 times better space resolution and 125 times better mass resolution. Since CGs are small, space and mass resolution are crucial in producing realistic mock CG catalogues. We have therefore primarily used the outputs of the Guo et al. SAM run on top of the MS-II to build realistic mock light cones to a magnitude limit of r = 16.3 (the limit of the 2MASS converted to the SDSS r band) and identify CGs. We have also reanalysed the z = 0 output of the SAM by Croton et al. (2006) , this time using their K-band magnitudes instead of the R-band ones to a magnitude limit of K = 13.57 (the 2MASS completeness limit used throughout this work). We refer to these mvCGs as C06K. Note that, as in Díaz-Giménez & Mamon (2010), we assumed for all SAMs that mock galaxies that are close in projection on the plane of the mock sky would be blended by observers if their angular separation is less than the sum of their angular half-light radii. Table 3 shows the fraction of mvCGs, selected in redshift space as the observed catalogues, that are physically dense in real space with the criteria adopted by Díaz-Giménez & Mamon (2010) , who call s the maximum pair separation in real space among the closest subsample of 4 galaxies of the CG or the CG itself for quartets, while S ⊥ and S denote the maximum line-of-sight and projected separations of the subsample, respectively. With these notations, the criterion for physically dense groups is that they be physically very small or that they be physically small and not elongated along the line-of-sight: (s < 100 h −1 kpc) OR (s < 200 h −1 kpc AND S /S ⊥ < 2). Assuming that the predictions from the SAM can be directly applied to the v2MCGs, we predict that between ∼ 53% and ∼ 73% of the sample can be considered as physically dense systems, which means that between ∼ 45 and ∼ 62 v2MCGs may be truly dense systems. The remaining 37 ± 10% of the mvCGs are caused by chance alignments of galaxies along the line-ofsight, usually originating from larger virialised groups (see also Díaz-Giménez & Mamon 2010) .
In particular, for the more realistic G11 SAM run on the much better resolved MS-II cosmological dark matter simulation, two-thirds of the mock velocity-filtered compact groups are physically dense, while one-third is caused by chance alignments of galaxies along the line-of-sight, mostly within larger virialised groups. So, this better SAM produces a fraction of mock velocity-filtered compact groups that are physically dense that is similar to what Díaz-Giménez & Mamon (2010) had found for the three other SAMs. Comparing the upper and lower rows of Table 3 , it is encouraging that the fraction of physically dense mvCGs depends little on the waveband (red or K) used.
GENERAL PROPERTIES
It is interesting to compare the properties of the CGs presented in this work to those found in the literature for other CG samples. We downloaded several CG catalogues available at the VizieR service 9 service of the Centre de Données astronomiques of Strasbourg (CDS), and computed the properties of these groups in the same way we did for our sample of CGs.
Comparison with photometric catalogues
We retrieved data from VizieR for the following six catalogues: HCG (Hickson 1982) , DPOSSCG/03 (Iovino et al. 2003 McConnachie et al. 2009 ). It is important to note that, although we used the membership information from the authors (angular positions and magnitudes), we recomputed all the properties using our own algorithms, to ensure that they were all estimated in the same manner. In this way, we can compare our projected p2MCG catalogue with others in the literature to highlight differences in the searching algorithms and selection criteria. Table 4 shows the median observable properties and their inter-quartile ranges for the photometric samples of CGs. For a fair comparison among these samples, it is necessary to take into account the different bands in which CGs have been identified in each different catalogue. While our p2MCGs are based upon K-band magnitudes, HCGs have been first identified on POSS-I E plates, whose spectral response is close to the R band, for which the galaxy magnitudes are available. DPOSSCG/03 have SDSS-r band magnitudes, DPOSSCG/05 have R-Gunn magnitudes, and SDSSCG/04/09 have SDSS-r band magnitudes. We assumed that R = K + 2.4 (appendix A) and R = r − 0.33 (Díaz-Giménez & Mamon 2010) to compare magnitudes in the K and r-band to those in the R-band. Therefore, in Table 4 , all magnitudes are converted to the R-band. Table 4 also includes a cleaner subsample of the HCG (Hick82/2) 
12.5 ± 0.4 12.7 ± 0.6 16.2 ± 0.2 16.5 ± 0.3 16.8 ± 0.6 15.8 ± 0.5 18.4 ± 0.7 12.3 ± 0.6 R G 11.9 ± 0.5 11.9 ± 0.6 15.3 ± 0.3 15.6 ± 0.3 16.2 ± 0.5 15.0 ± 0.4 17.6 ± 0.5 11.3 ± 0.6
Notes. θ G : group angular diameter, R brightest : apparent magnitude of the brightest galaxy member in the R-band, R G : total apparent magnitude of the group (i.e., sum of all members), µ G : group mean surface brightness, R faintest − R brightest : difference of apparent magnitudes between the faintest and the brightest galaxy members, R brightest − R G : difference between the brightest galaxy and the total apparent magnitudes of the groups. Errors are the semi-interquartile ranges. that meets equivalent criteria as the used in this work (R brightest 10.57+2.4 = 12.97 and R faintest −R brightest 3) and for which we omitted 6 HCGs that fail to meet the isolation criterion (Sulentic 1997 ) (see also thin dotted blue lines in Fig. 5) . Table 4 indicates that the p2MCGs have brighter group and first-ranked galaxy apparent magnitudes than those of the other photometric catalogues. This is a consequence of the shallower magnitude limit of the 2MRS spectroscopic survey used here. Restricting the HCG sample to the magnitude limits used here ('Hick82/2'), the median firstranked galaxy magnitude is slightly brighter than that of the p2MCGs. The differences remaining between the p2MCG and Hick82/2 samples arise from the differences between automatic and visual identifications, since the latter by Hickson (1982) were biased (e.g., Díaz-Giménez & Mamon 2010) towards identifying groups with similar galaxies (lower values of R faintest −R brightest , and higher values of R brightest -RG), and missing groups close to the compactness limit (lower values of µG). On the other hand, the median angular diameter of the p2MCGs is larger than for the other samples, making the surface brightness of our sample the faintest. Moreover, not all the CG catalogues were constructed taking into account our fourth criterion that ensures that group members can be found in a 3 magnitude range from the firstranked galaxy. In several of the catalogues, the magnitude limit of the sample is sometimes just one or two magnitudes fainter than that of the first-ranked galaxy. It is clear that this leads to a bias towards identification of smaller differences between the first-ranked and faintest member of the group, as can be seen, e.g., in the average values of R faintest − R brightest of 1.6 for the DPOSS/03/05 and SDSSCG-A/B catalogues.
It is interesting to compare the number of p2MCGs with δ > −33
• and K brightest < 10.57 with the number of HCGs in the same range of magnitudes. We find 193 p2MCGs vs. 40 pHCGs that meet the criteria used in this work translated to the R-band (K brightest 10.57 and Ki − K brightest 3), which means that the completeness of the visually identified HCGs is ∼ 21 ± 2% (binomial errors) This result is higher than the 14% predicted by Díaz-Giménez & Mamon (2010) from the semi-analytic models of galaxy formation. Moreover, in our analysis of the SAM of Croton et al. (2006) , identifying in the deeper R-band mock catalogue and then translating to the K band produces a sample of mvCGs that is only 74% of the size of the mvCG sample directly selected in K. Thus, the incompleteness of the HCG catalogue relative to the 2MCG one is 0.21/0.74 = 0.28, even higher than the prediction from the SAMs in the R band.
Given that the properties shown in Table 4 are dependent on the distances to the CGs, which are not included in the analysis above, it is also interesting to compare catalogues for which velocity information is available. This is done in the following subsection. 7.7 ± 3.1 2.5 ± 1.3 11.8 ± 4.2 1.0 ± 0.3 -3.6 ± 1.5 4.8 ± 2.8 R brightest
12.2 ± 0.4 12.7 ± 0.6 12.6 ± 0.5 16.1 ± 0.4 -12.2 ± 0.5 12.4 ± 0.4 R G 11.5 ± 0.5 11.9 ± 0.7 11.3 ± 0.5 15.1 ± 0.3 -11.3 ± 0.5 11.8 ± 0.4
24.5 ± 0.7 22.7 ± 0.6 25.5 ± 0.6 23.9 ± 0.6 -22.7 ± 0.9 23.9 ± 1.1
6.7 ± 1.7 11.5 ± 5.1 7.1 ± 2.6 3.0 ± 0.7 4.2 ± 1.0 12.6 ± 5.1 6. Notes. All the photometric properties have been translated to the R-band to allow comparison among catalogues. #: number of CGs with 4 of more concordant members; θ G : group angular diameter; R brightest : apparent magnitude of the brightest galaxy member in the R-band; R G : total apparent magnitude; µ G : group mean surface brightness; R faintest − R brightest : difference of apparent magnitudes between the faintest and the brightest galaxy members; R brightest − R G : difference between the brightest galaxy and the total apparent magnitudes; R 2 − R 1 : difference of absolute magnitudes between the brightest and the second brightest galaxy of the group (same statistics for difference in absolute R-band magnitudes, after including k-corrections from Chilingarian et al. 2010 and Poggianti 1997) (Tremaine & Richstone 1977, eq. [3] ); P S : probability of greater anti-correlation of luminosity with position occurring by chance (Spearman rank correlation test); P
1−2 KS
: probability of greater difference in distributions of positions between 1st and 2nd ranked galaxies, occurring by chance (Kolmogorov-Smirnov test); P 2−3 KS : same for difference in distribution of positions between 2nd and 3rd ranked galaxies. Numbers in parentheses for these three quantities indicates reverse luminosity segregation (brighter galaxies further out). Errors are the semi-interquartile ranges, except for T 1 and T 2 , where they are standard deviations computed with 10 000 bootstraps. References: Hick92: Hickson et al. (1992) 
Comparison with observed and mock spectroscopic catalogues
We retrieved galaxy data from VizieR for the following compact group catalogues with velocity information: HCG (Hickson et al. 1992) , UZC-CG (Focardi & Kelm 2002) , and LCCG (Allam & Tucker 2000) . We also extracted the group information from the new DPOSSII-CG catalogue (Pompei & Iovino 2012) . We, then, proceeded to compare those samples to our v2MCG sample, after transforming again all samples to the R band with colours R-K = 2.4 (Appendix A), B = R + 1.7 (Prandoni et al. 1994) and r = R + 0.33 (Díaz-Giménez & Mamon 2010). We have applied k-corrections to the different catalogues using the morphology-based corrections of Poggianti (1997) (UZC-CG and LCCG) or colour-based corrections of Chilingarian et al. (2010) (2MCG, HCG) . 10 We have included the cleaner Hick92/2 sub-sample (see Sect. 6.1) now velocity-filtered, and also the sample of mvCGs that we extracted from G11's SAM. The median values of the properties of the velocity-filtered CGs are quoted in Table 5 as well as their semi-interquartile ranges.
Space density
We computed the space density within the median distance of the sample (60h −1 M pc) as η60 = 3 N (< 60)/(60 3 Ω). For the v2MCGs the space density is 8.0 × 10 −5 h 3 Mpc −3 .
In comparison, the space density for the Hick92/2 sample is 1.86 × 10 −5 h 3 Mpc −3 , i.e. that the space density of the v2MCGs is ∼ 4.3 times larger. From the G11 SAM, the space density of the mvCGs is 12.7 × 10 −5 h 3 Mpc −3 , which means that it almost doubles (∼ 1.6) that of the v2MCGs.
Distribution of group properties
In Fig. 5 , we show the distribution of group properties for our v2MCGs (solid histograms), vHCGs (blue dotted histograms), and the mvCGs from G11 (thin dashed red histograms). The comparison with other SAMs can be found in the Appendix B 11 . Table 5 shows that the nearest samples are the UZC-CG and v2MCG samples, although the HCG sample restricted to the criteria used in this work also includes only the nearest groups. The two nearby CG samples present the largest projected radii, median inter-particle distances, dimensionless crossing times and mass-to-light ratios. The five CG samples have similar median properties (to within the semi-interquartile ranges), except for T1 and T2 (see below). In particular, the median velocity dispersions for the different catalogues are fairly similar, ranging from 194 to 295 km s −1 . Our sample has the highest median crossing time of all samples, while the HCG has the lowest crossing time. The latter result is probably caused by the lack of HCGs near the surface brightness limit (Walke & Mamon 1989; Prandoni et al. 1994; Díaz-Giménez & Mamon 2010) .
There is a good general agreement between the predictions from the SAM and the observations from 2MASS. But some differences stand out: in comparison with the mvCGs, the v2MCG sample lacks groups of high-multiplicity (as checked with a KS test on the full N distributions), very low velocity dispersion, small angular and physical sizes, high surface brightness, and low MVT/LK , but has too many groups that lie at low redshifts, or that are globally bright (Kgroup) or with bright 1st-ranked galaxy (K brightest ).
Our identification of more v2MCGs at low redshifts than predicted by the SAM might be a sign that our local neighbourhood (c z < 2000 km s −1 ) is denser than on average, perhaps thanks to the presence of the Virgo and Fornax clusters, or conversely that the observer we placed in a random position in the cosmological box turned out to be in an underdense region (for small volumes one might expect that cosmic variance is than Poisson variance). This excess of nearby CGs would explain our excess of v2MCGs with large angular size and of low surface brightness. However, we also find an excess in physical radii, which suggests that we suffer more from galaxy blending than we accounted for in our mvCGs.
Apparent group elongations
Using projected Cartesian coordinates on the plane of the sky, we calculated the 2-dimensional shape tensor, whose 11 Given that the numbers of mvCGs from the different SAMs are typically 4 times the number of v2MCGs, the relative uncertainties on their differential distribution is half of those of the v2MCGs, and are not shown in the Figure, for clarity. Notes. The samples are those listed in Table 5 , hence limited to v > 3000 km s −1 , but also restricted to quartets (N = 4). The columns are r: Spearman rank correlation coefficient; P S : probability of stronger correlation than r occurring by chance; σ chain v and σ round v : median group velocity dispersions for chain-like (b/a < 0.3) and round (b/a > 0.5) groups, respectively; P KS : probability of greater difference between of velocity dispersion distributions for groups with b/a < 0.3 and b/a > 0.5 occurring by chance (Kolmogorov-Smirnov statistic).
eigenvalues are related to the major (a) and minor (b) semiaxes. We measure the elongations of the groups in the plane of the sky as the ratio between the major and minor semiaxes (b/a). Lower values of b/a imply more elongated systems on the plane of the sky. Table 5 indicates that the apparent group elongations are similar between all catalogues.
Using a different technique to measure group apparent elongations, Tovmassian et al. (1999) found that group velocity dispersions were significantly smaller (by 28%, with large uncertainty) in chain-like groups than in rounder ones, which we hereafter denote the Tovmassian effect. Now, geometrical considerations imply that the distribution of group shapes depends on the number of its members (e.g. Hickson et al. 1984) , with low multiplicity groups being on average more elongated. Since velocity dispersion scales as mass, which scales as number, one would then expect from the geometrical considerations that high velocity dispersion groups will be rounder, as found by Tovmassian et al.. However, these authors also noticed trends for triplets, quartets and quintets separately, and while none were statistically significant, they argued that the probability that all three trends were present (albeit weak) was significant. Table 6 shows our analysis of the velocity dispersion and apparent elongations of the quartets (thus avoiding any geometrical source for the Tovmassian effect). In the v2MCG sample, there is no correlation between group apparent elongation and velocity dispersion, while in the cleaned HCG sample (Hick92/2) and the mock (from G11's SAM) CGs, there are weak correlations between σv and b/a, but they are not statistically significant. However, for the Hick92/2 and G11 samples, the median velocity dispersion of the chainlike (b/a < 0.3) groups is much smaller than that of the round (b/a > 0.5) groups, while the opposite behaviour is observed for the v2MCGs. Yet, the effect is not significant in the v2MCG, only marginally significant in the mock sam-ple, while the Hick92/2 sample, with only 13 quartets, is too small to provide a statistically significant difference in the distributions of velocity dispersions between chain-like and round groups. We note that if we increase the Hick92/2 sample to groups with galaxy magnitudes R < 14.97 (instead of R < 12.97), we end up with 41 HCG quartets, for which the rank correlation coefficient between apparent elongation and velocity dispersion is now r = 0.29, yielding a correlation with 97% significance. However, for this deeper Hick92/2 sample, the difference in the distributions of velocity dispersions for chain-like and round quartets is still not statistically significant.
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Bright end of the luminosity function
Tremaine & Richstone (1977) devised two simple, yet powerful statistics, based on Cauchy-Schwarz inequalities, to test whether the first-ranked galaxies in groups and clusters were consistent with one or several arbitrary luminosity functions. They defined T1 and T2 as follows:
where the averages are means and where σ(M1) and σ(M2 − M1) are the standard deviations of the absolute magnitude of the brightest galaxy (M1) and difference in absolute magnitude (M2 − M1) between the second-and first-ranked galaxies. Values of T1 and T2 lower than unity imply that the first-ranked group galaxies are abnormally bright at the expense of the second-ranked galaxy. N -body simulations indicate that galaxy mergers within physically dense groups rapidly reduce the values of T1 and T2 below 0.7 (Mamon 1987a ). T1 and T2 are biased low for samples with small number of groups, N < 50 (Mamon 1987b) . In Table 5 , we find that the v2MCG sample displays T1 and T2 significantly lower than unity: T1 = 0.51 ± 0.06 and T2 = 0.70±0.06 (1 σ errors from 10 000 bootstraps). We also find such low values in our mock mvCG sample from G11 as well as in our four other mvCG samples.
However, none of the other observed CG samples display low values of T1 and T2. In particular, the HCG samples show T1 ≈ 1.2 and ≃ T2 ≃ 1.0. It appears that Hickson (1982) missed CGs with very dominant galaxies (Prandoni et al. 1994; Díaz-Giménez & Mamon 2010) , thus creating a spuriously high T1. Indeed, Table 5 shows that R2 − R1 (hence, the difference in absolute magnitudes) has a median value of 1.0 for the v2MCG sample (1.3 for the mvCGs), but only 0.6 for the HCG samples (the means are similar). Still, part of the difference in T1 values is caused by the larger standard deviations of 1st-ranked absolute magnitudes in the HCG samples (0.8) in comparison with the v2MCG (0.53) and G11-mvCG (0.58) samples.
In comparison, Loh & Strauss (2006) found T1 = 0.75± 0.1 and T2 = 0.86 ± 0.1 in nearby rich SDSS clusters dominated by Luminous Red Galaxies (LRGs), while Lin et al. (2010) recently found T1 = 0.70 ± 0.01 and T2 = 0.96 ± 0.01 in luminous SDSS clusters, but T1 = 0.84 ± 0.01 and T2 = 0.94 ± 0.01 for low luminosity ones.
We can also quantify how significant are the deviations of T1 and T2 from unity using a Monte-Carlo technique (see also Lin et al. 2010 ). We built mock CGs by adopting the absolute magnitudes of the first-ranked v2MCGs and adding to them the absolute magnitudes of galaxies chosen at random from the 2MRS catalogue, but with 3 limitations: 1) in the same range of redshifts (velocities 1000 km s −1 from that of the first-ranked); 2) absolute magnitudes, MK , in the range of the group:
is the absolute magnitude of the first-ranked group member; 3) positions more than 5 degrees from the group (in Declination only for a faster run). The velocity criterion ensures that the flux limit of 2MRS is properly handled, while the position criterion ensures that a first-ranked galaxy is not duplicated in its mock group. In the end we thus generate mock CGs with the same multiplicity function and distribution of most luminous absolute magnitudes. We did not consider a surface brightness threshold on our Monte-Carlo groups (assuming that the galaxies are located in the same positions as in the observed sample), because this would increase the discrepancy between the observed values of T1 and T2 with those from our Monte-Carlo samples. Indeed, since we start with the brightest group galaxy, if we enforced a minimum group surface brightness, we would tend to reject groups with only one luminous member, hence leading us to lower differences between second and first-ranked absolute magnitudes, and therefore larger values of T1 and T2. We compute T1 and T2 for this mock sample of CGs and iterate to build a total of 10 000 samples.
The distribution of T1 and T2 for the 10 000 mock catalogues can be seen in Fig. 6 . Let pi be the fraction of MonteCarlo realisations that have Ti as low as the observed value. We found p1 = 0 (i.e. p1 < 0.01%) and p2 = 0.3 ± 0.06%, i.e. none of our mocks reached values of T1 and T2 both as low as observed in v2MCGs
13 . All this confirms that the v2MCG is the only observed compact group sample that has differences between first-and second-ranked absolute magnitudes that are inconsistent with random sampling of luminosity functions, in agreement with the expectations from cosmological simulations.
Luminosity segregation
In the standard galaxy formation model used for SAMs, the brightest group galaxies are centrally located (see Skibba et al. 2011 for the quantification and limits of this idea). Indeed, N-body simulations of virialised dense groups show that such luminosity segregation rapidly sets in (Mamon 1987a) . Moreover, the two-body relaxation times in dense groups of galaxies, of order of the number of galaxies times the orbital time, both of which are small, are expected to be much smaller than the age of the Universe, hence galaxies should exchange their orbital energies and reach equipartition on short timescales. If CGs are caused by chance alignments, then one does not expect to witness such luminosity segregation. Mamon (1986) measured luminosity segregation in HCGs, using the exact same technique as he used in the simulations: stacking the groups and searching for a correlation (with the Spearman rank test) between the fraction of group luminosity in the galaxy (hereafter, fractional luminosity) versus the projected distance relative to the group centroid (unweighted barycentre) in units of the median of these distances per group (hereafter, normalised radial coordinate). The absence of luminosity segregation in HCGs, measured in this fashion, produced for him another argument that HCGs were heavily contaminated by chance alignments.
Here, we performed the same analysis on the different observed and mock samples of CGs. We first found that v2MCGs show significant anti-correlation between fractional 13 Note that Lin et al. (2010) also considered the compatibility of the distribution of observed values of T 1 and T 2 of clusters using bootstrap resampling with the predicted distribution obtained with mocks. This incorrectly accounts twice for the finite sample. One should either use bootstraps to provide error bars on the observed T 1 and T 2 and compare to the mean prediction of the mocks or conversely compare the observed T 1 and T 2 without error bars to the distribution of the mocks, but not do both. . Luminosity segregation (fractional luminosity in group vs. normalised radial coordinate relative to unweighted barycentre) in the v2MCG sample (restricted to v > 3000 km s −1 ). The red squares indicate the first-ranked galaxies, while the black crosses show the other group galaxies. The horizontal and vertical error bars show the standard deviations in equal number subsamples of normalised radius and fractional luminosity, respectively. Despite the large scatter, the rank correlation coefficient is r = −0.19 and has only a probability 3 × 10 −4 of occurring by chance. luminosity and normalised distance: Spearman rank correlation r = −0.19. According to the Spearman rank correlation test, an anti-correlation at least as strong as this observed one has less than 0.1% probability of arising by chance (see Table 5 ). This is also the case in the mock mvCG sample. One may argue that SAMs have luminosity segregation within them by construction, since in SAMs, galaxies form at the centre of a halo. But none of the other observed CG samples show any significant sign of luminosity segregation, and this is not just a case of poorer statistics, as the correlation coefficient between fractional luminosities and normalised distances in the v2MCG is much more negative than in all other observed samples.
We also compared the stacked distributions of normalised distances between first-and second-ranked galaxies, as well as between second-and third-ranked galaxies, using the Kolmogorov-Smirnov (KS) test. As seen in the last two rows in Table 5 , in v2MCGs, the first-ranked galaxy is significantly more centrally located than the second-ranked galaxies: according to the KS test, the probability that this would occur by chance is again less than 0.1%. This is also seen in the mvCGs, while no such significant trends are seen in the other group catalogues (including the HCG). Hence, The v2MCG is the only CG sample to show that the most luminous galaxies are significantly more centrally located, in accordance with the mock CGs from SAMs, and contrary to what has been observed in all other CG sample.
Interestingly, there are no statistically significant signs for different distributions of normalised distances between second-and third-ranked galaxies. In other words, while the first-ranked galaxies are in general more centrally located than the second-ranked, the latter are not more centrally located than the third-ranked. This lack of luminosity segregation among the non-brightest galaxies may occur because tides from the parent group potential, may limit the sizes hence luminosities of the galaxies as they approach the central one (whose central location renders it immune to such tides). Then, the second most luminous galaxy will preferentially lie at the outskirts, while the third ranked one, will tend to lie closer because of this tidal limitation. Therefore, for the non-brightest galaxies, group tides may cancel the effect of luminosity segregation. Figure 7 illustrates the luminosity segregation in the v2MCG sample. The fractional group luminosities appear to be enhanced within the median projected distance from the group centroid (i.e. abscissae smaller than unity). However, the normalised distances are only smaller in the galaxies in the 25% highest quartile of fractional luminosity, which roughly corresponds to the first-ranked galaxies.
CONCLUSIONS AND DISCUSSION
In this work we have catalogued a new sample of CGs from the 2MASS survey and we have compared them with existing CG samples.
Following the criteria defined by Hickson (1982) , we have identified 230 CGs in projection in the K-band covering 23 844 deg 2 . This catalogue has well defined criteria which produced an homogeneous sample useful to perform statistical analyses on it. 25% of them (57 CGs) were previously identified in other catalogues as compact groups, triplets of galaxies or interacting galaxies. A total of 144 p2MCGs have all their members with redshifts available in the literature, and among them 85 groups have 4 or more accordant galaxies, which makes this catalogue the largest sample of CGs with 4 or more spectroscopically confirmed members. The percentage of groups with accordant galaxies (59%) is slightly lower than that obtained from the HCG sample (67%), and very similar to the predicted by Díaz-Giménez & Mamon (2010) from the semi-analytical models of Bower et al. (2006) and De Lucia & Blaizot (2007) .
14 As a side note, we have now built additional mock CG catalogues using the Croton et al. (2006) SAM in the Kband and the Guo et al. (2011) SAM in the r band, where the latter was run on the Millennium-II Simulation, which has 512 times the mass resolution of the Millennium Simulation. For both samples, we found that two-thirds of the mock CGs were physically dense systems of at least 4 galaxies of accordant magnitudes, while the remaining third was caused by chance alignments of galaxies along the line-ofsight, mostly within larger virialised groups, confirming similar conclusions of Díaz-Giménez & Mamon (2010) .
In comparison with other CG catalogues, the v2MCG catalogue presented in this work is one of the nearest and brightest samples of CGs, although these CGs have larger projected radii and interparticle separations.
The v2MCG does not show any significant correlation for quartets between apparent elongation and velocity dispersion nor significantly larger velocity dispersion in round groups relative to chain-like groups, contrary to what Tovmassian et al. (1999) claimed in HCGs.
The v2MCG is the only CG sample to display significantly large differences between second-and first-ranked absolute magnitudes (from Tremaine-Richstone statistics) as well as centrally located first-ranked galaxies, both in agreement with mock mvCGs, but in sharp contrast with all other observed velocity-filtered CG samples.
Galaxy mergers are an obvious way to decrease T1 and T2 (Mamon 1987a ), and we cannot think of any other physical mechanism that may cause both T1 and T2 to be significantly smaller than unity in a group catalogue.
One major difference of our sample with others is that ours has many more groups with dominant galaxies accounting for over half the total luminosity. While this increases the gap between first and 2nd-ranked magnitudes, we found that our sample also has a small standard deviation of firstranked absolute magnitudes, which enhances the significance of the Tremaine-Richstone T1 statistic.
Why don't we find significant magnitude gaps and luminosity segregation in the other CG samples? It is clear that in his visually search for CGs, Hickson (1982) missed groups with dominant galaxies (Prandoni et al. 1994; Díaz-Giménez & Mamon 2010 and Table 5 ). Could those v2MCGs in common with vHCGs have weaker signs of magnitude gaps and luminosity segregation? One expects that if mergers cause the magnitude gap, the masses, i.e. stellar masses, of the galaxies are the crucial variable. Similarly, if luminosity segregation is produced by dynamical friction or by energy equipartition from two-body relaxation, the galaxy (stellar) masses should be the important variable. Therefore, the magnitude gaps and luminosity segregation should be weaker in the R band, where the luminosity is less a measure of stellar mass than in the K-band.
Unfortunately, we have only 14 groups in common, among which 10 (HCG 7, 10, 23, 25, 40, 58, 86, 88, 93, 99) 15 have exactly the same galaxies. For these 10 groups, we find T1 = 0.68 ± 0.24 and T2 = 0.87 ± 0.24 in the K band, while in the R band we find values greater than unity: T1 = 1.75±1.69 and T2 = 1.33±0.39. So, indeed, the K-band luminosities are more sensitive than their R-band counterparts to the magnitude gap, but given the bootstrap errors, the large differences in T1 and T2 between R and K-based absolute magnitudes are not statistically significant (for T2 the difference is roughly 1 σ, while it is much less for T1). On the other hand, luminosity segregation is not seen in either waveband: worse it is inverted, with the brightest galaxy on average further away from the group centroid than the 2nd-brightest galaxy.
The other two CG samples, UZC-CG and LCCG, are based upon Friends-of-Friends (LCCG) or similar (UZC-CG) algorithms, both with velocity linking length of 1000 km s −1 . Such a velocity link is much more liberal than imposing that the velocities all lie within 1000 km s −1 from the median as done in Hickson et al. (1992) and here. Indeed, according to Table 5 , the median velocity dispersion of UZC-CG groups of 4 or more galaxies is 295 km s −1 , i.e. 25% greater than in our sample. This suggests that the UZC-CG sample is more contaminated by chance alignments of galaxies along the line-of-sight (as Mamon 1986 had suggested for the HCG sample) than is our sample. Moreover, the UZC-CG has a liberal linking length on projected distances of 200 h −1 kpc, making these groups not so compact (as can be checked by their low mean group surface brightness as seen in Table 5 ). Finally, the UZC-CG is based upon Zwicky's visually estimated magnitudes, which may carry rms errors as large as 0.5 mag, thus washing out in part the effects of the magnitude gap and luminosity segregation.
On the other hand, the LCCG sample (again, restricted to groups with at least 4 members) has a very similar median velocity dispersion to our sample (and a similar median mass-to-light ratio). Note that the linking length for projected distances of the LCCG is only 50 h −1 kpc, i.e. 4 times less than in UZC-CG. The problem with the LCCG is that its parent catalogue (the LCRS, Shectman et al. 1996 ) is a collection of two samples with 16.0 < R < 17.3 and 15.0 < R < 17.7. Thus the magnitude range is very restricted. Hence, it is not a surprise that M2 − M1 is half our value (Table 5) , leading to T1 > 1 and T2 > 1.
What does this tell us on the nature of the groups in the different CG samples? Over 25 years ago, Mamon (1986) found T1 = 1.16 and no signs of luminosity segregation in the largest sample then available of 41 velocity-filtered HCGs with at least 4 members. This was in sharp contrast with the low values of T1 and significant luminosity segregation he was finding in coalescing dense groups (Mamon 1987a) . This provided him with two arguments (among several) to conclude that most HCGs were caused by chance alignments of galaxies within larger groups (Mamon 1986) . As confirmed here with the SAM by Guo et al. (2011) , roughly two-thirds of mock CGs are physically dense (Díaz-Giménez & Mamon 2010 and Table 3 above). The statistically large magnitude gaps and luminosity segregation in both the observed v2MCGs and the mock mvCGs suggest that Mamon (1986) was misled by the bias of the HCG sample against large gaps into concluding that most of them were not physically dense.
So the v2MCG appear to be mostly bona fide physically dense groups. But can we conclude that the other CG samples are dominated by chance alignments? Díaz-Giménez & Mamon (2010) attempted to build sample of mock HCGs that include the same biases as they had measured by comparing with the three SAMs that they had built mock CGs from. They found that the same fraction (if not slightly higher) of the mock (biased) HCGs were physically dense. The nature of the groups in other CG samples could be studied in similar ways, using mock CG samples from cosmological galaxy formation simulations, mimicking their selection criteria and observational select effects.
Could the lack of HCGs with strongly dominant brightest galaxies prevent the visibility of luminosity segregation? We performed KS tests to compare the distribution of relative positions of 1st and 2nd-ranked group members for subsamples split between those dominated by 1st-ranked members ('Dom') and those with galaxies of more comparable luminosities ('Non-Dom'), making our splits at the median magnitude difference M2 − M1 . We performed this analysis for the HCG and v2MCG samples as well as for Notes. Dom and Non-Dom subsamples are those with M 2 − M 1 above and below the median value of the full sample, respectively. N is the number of groups in the subsample. P KS is the KS probability that a difference in the distributions of normalised distances to the non-weighted group centre is greater than 'observed' by chance. Values of P KS given in parentheses denote reverse luminosity segregation: the 2nd-ranked galaxy is more centrally located than the first-ranked.
the C06K and G11 mvCG samples. Table 7 shows that indeed luminosity segregation is much stronger for all catalogues in the Dom subsamples, and statistically significant in all of them except the vHCG. Surprisingly, while the NonDom subsamples of the two mock CG samples display much weaker, but still statistically significant luminosity segregation, the Non-Dom subsamples of both the v2MCG and vHCG catalogues display reversed luminosity segregation: the 2nd-ranked galaxy is more centrally located than the (slightly more luminous) first-ranked galaxy. We can only see one explanation for this reverse luminosity segregation, if it occurs in wavebands bluer than K: late-type galaxies that are second-ranked in stellar mass, hence not centrally located, can end up more luminous (thanks to their efficient star formation) than early-type galaxies of slightly higher stellar mass. However the effect is also present in the Kselected v2MCG, and with even greater statistical significance (96.1% vs. 93.7% confidence for the Non-Dom CGs of the v2MCG and vHCG catalogues, respectively). So, we can only explain this marginal effect as a statistical fluke. Nevertheless, the absence of luminosity segregation in the HCG catalogue could be consistent with their physical reality because the sample is too small to detect the weak luminosity segregation expected from the mocks. Moreover, if the reverse luminosity segregation for Non-Dom groups is real, then the lack of groups with very dominant galaxies in the HCG (caused by the visual selection bias) would cause the Non-Dom groups to cancel the luminosity segregation of the Dom groups.
In conclusion, the v2MCG sample has numerous advantages over other CG samples: (i) It is the largest available sample of velocity-filtered groups of at least 4 members of comparable luminosity (3 mags, i.e. factor 16).
(ii) It has an isolation criterion (in contrast with other CG samples except for the HCG). (iii) It is automatically extracted (contrary to the HCG). (iv) It has a well-defined magnitude limit (which the HCG sample does not).
(v) It is deep enough (which some may find surprising given the shallowness of its parent 2MASS catalogue) to have a selection on brightest galaxy magnitude, so as to ensure that all groups can span the maximum allowed magnitude gap of 3. (vi) It is selected by stellar mass (K band), which is expected to be a better tracer for magnitude gaps and luminosity segregation (among other things).
(vii) It is the only sample to show statistical signs of mergers (magnitude gaps) and luminosity segregation, expected in physically dense groups (in contrast with all other CG samples).
The last point implies that the v2MCG is the only CG sample for which one is reasonably sure that it is dominated by physically dense groups. For all these reasons, the v2MCG appears to be the sample one ought to study in depth to probe the effects on galaxies of this unique environment of 4 galaxies of comparable luminosity lying close together in real space.
As a next step in this project, we are in the process of measuring redshifts for the members for which no spectra are available, and we are continuing our statistical studies of the v2MCGs and their galaxies.
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APPENDIX A: TRANSFORMATION FROM µR TO µK
In the visual search performed by Hickson (1982) on the photographic plates of POSS-I, he established a cutoff in surface brightness of µE = 26 mag arcsec −2 . The POSS-I E band roughly corresponds to the more familiar Cousins R band. As the galaxy database used for our search is selected in the Ks band, we converted the original limit of Hickson (1982) to a corresponding one for K magnitudes. The R-K colours 16 of galaxies depend on their luminosity (colourluminosity relation) and morphology (e.g. Red Sequence vs. Blue Cloud).
We cross-identified the SDSS DR7 model g and r magnitudes, Ag and Ar extinctions, and redshifts with the 2MASS XSC K20 isophotal J and K magnitudes, with a maximum separation of 2 ′′ between the positions of the galaxies in the two catalogues. We corrected the 2MASS magnitudes for galactic extinction using the Ag values of SDSS, assuming Ag/AV = 1.256, Ar/AV = 0.798, and AK s /AV = 1.16 from spline fits of log A λ vs. log λ tabulated by Cardelli et al. Figure A1 . Colour-luminosity relation for SDSS-2MASS matches. The grey points show all 45974 non-flagged galaxies with 0.005 < z < 0.05, 13 < r < 17.77, K < 13.57, while the blue points use the additional criteria M K − 5 log h = −23.40 ± 0.10 and z = 0.020 ± 0.005.
(1989) and AJ /AV = 0.282 directly from their table. We then k-corrected the SDSS r and 2MASS Ks extinctioncorrected magnitudes using the redshifts and extinctioncorrected g-r (SDSS) and the J-Ks (2MASS) colours using the transformations of Chilingarian et al. (2010) . This enabled us to derive extinction-and k-corrected (r-K) 0 colours.
In a first pass, we adopt the conservative (r-K) 0 =2.33, which, with (r-R) 0 =0.33 (Díaz-Giménez & Mamon 2010) yields µK 24 mag arcsec −2 . Once we extract the p2MCGs and then the velocity-filtered v2MCGs with this compactness limit, we find that the mean galaxy luminosity in our v2MCGs is MK = −23.40 + 5 log h and our median v2MCG mean velocity is 5927 km s −1 , corresponding to z = 0.020. In a second pass, we consider the (r-K) 0 colours for the 45974 galaxies among the 326320 SDSS-2MASS matches, with SDSS zWarn=0, 13 < r < 17.77, and 2MASS artifact flag cc flg=0 and both J and K confusion flags, respectively j flg k20fe and k flg k20fe, equal to 0 (grey points of Fig. A1 ). Restricting these matched galaxies to those with MK − 5 log h = −23.40 ± 0.10 and z = 0.020 ± 0.005 (large blue points in Fig. A1 ) yields a median (r−K) 0 of 2.72±0.04 (assuming that the error on the median is 1.253 σ/ √ N , valid for large Gaussian distributions) for 164 galaxies.
With (r-R) 0 =0.33, this yields (R-K) 0 =2.39. For clarity, we therefore assume R = K + 2.4 and adopt a compactness limit of µK = 23.6. The v2MCGs obtained with this new compactness limit have very similar median redshifts (now 1.5% larger), although the median R-band group luminosities are now one-third lower (mainly because of the additional 0.4 magnitude correction from K to R). Number of galaxy members in the CG in the range of 3 magnitudes from the brightest member, K b : Galactic Extinctioncorrected K-band apparent magnitude of the brightest galaxy, µ K : Galactic Extinction-corrected K-band group surface brightness, θ G : Angular diameter of the smallest circumscribed circle, R ij : Median projected separation among galaxies, b/a: Apparent group elongation, σv: Radial velocity dispersion of the galaxies in the CG computed using individual galaxy errors, H 0 tcr: Dimensionless crossing time, M VT /L K : Mass to Light ratio in the K-band, cross-ID: Cross-identification with other group catalogues References for cross-ID: AM: Arp+Madore Southern Peculiar Galaxies and Associations (Arp & Madore 1987) ; Arp: Arp Peculiar Galaxies (Arp 1966) ; HCG: Hickson Compact Group (Hickson 1982) ; HDCE: High-density-contrast groups -Erratum version (Crook et al. 2008) ; KPG: Karachentsev Isolated Pairs of Galaxies Catalogue (Karachentsev 1972) ; KTG: Karachentsev Isolated Triplets of Galaxies Catalogue (Karachentsev et al. 1988) ; KTS: Karachentseva Triple System (Karachentseva & Karachentsev 2000) ; M60: (Mamon 1989 (Mamon , 2008 ; Rose: Rose Compact Groups of Galaxies (Rose 1977) ; RSCG: Redshift Survey Compact Group (Barton et al. 1996) ; SCG: Southern Compact Group (Prandoni et al. 1994; Iovino 2002) ; UZC-CG:Updated Zwicky Catalogue-Compact Group (Focardi & Kelm 2002) ; USGC: UZC/SSRS2 Group Catalogue (Ramella et al. 2002) ; VV: Interacting galaxies catalogue (Vorontsov-Velyaminov et al. 2001 ) WBL: White+Bliton+Bhavsar groups (White et al. 1999) ; 
